Background: The ubiquity of the Internet is changing the way people obtain their health information. Although there is an abundance of heart failure information online, the quality and health literacy demand of these information are still unknown. Objective: The purpose of this study is to evaluate the quality and health literacy demand (readability, understandability, and actionability) of the heart failure information found online. Methods: Google, Yahoo, Bing, Ask.com, and DuckDuckGo were searched for relevant heart failure Web sites. Two independent raters then assessed the quality and health literacy demand of the included Web sites. The quality of the heart failure information was assessed using the DISCERN instrument. Readability was assessed using 7 established readability tests. Finally, understandability and actionability were assessed using the Patient Education Materials Assessment Tool for Print Materials. Results: A total of 46 Web sites were included in this analysis. The overall mean quality rating was 46.0 T 8.9 and the mean readability score was 12.6 grade reading level. The overall mean understandability score was 56.3% T 16.2%. Finally, the overall mean actionability score was 34.7% T 28.7%. Conclusions: The heart failure information found online was of fair quality but required a relatively high health literacy level. Web content authors need to consider not just the quality but also the health literacy demand of the information found in their Web sites. This is especially important considering that low health literacy is likely prevalent among the usual audience.
T he universal popularity of the Internet is changing the way people obtain their health information. By providing easy access to a wealth of health information, the Internet is fast becoming an indispensable medium for the delivery of patient education. It is estimated that 59% of all adult Americans search for health information onlineVamong them, 48% reported doing so on behalf of another person, 36% searched for health information for themselves, and 11% went online to search for health information for themselves and for other people. 1 Regardless of the intended consumer of the health information, it is clear that more and more people are turning online for their health information needs. Although this increase in self-efficacy to become more health literate is promising, the quality and health literacy demand of the information found online could potentially limit this endeavor.
Health literacy is commonly defined as the ''degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions.'' 2 It is estimated that 36% of adult Americans have low health literacy. 3 Similarly, among people with heart failure, approximately 39% have low health literacy. 4 In heart failure, low health literacy has been associated with lower heart failure knowledge, 5, 6 poor self-care behaviors, 7 poor medication adherence, 8 and increased risk for rehospitalizations.
are easy to obtain, process, understand, and apply; in other words, the material's health literacy demand does not exceed the information-consumer's health literacy skills. Health literacy demand is defined as ''the complexity and difficulty of a [health-related] stimulus.'' 9 The health-related stimulus can be in the form a written document (eg, brochure and medication label) or a verbal communication (eg, patient-doctor communication). Although the Internet provides easy access to health information, whether this information is easy to understand and act on is not always guaranteed; this underscores the need to evaluate the health literacy demand of the information found online.
Although there have been several studies that assessed the readability of disease-related (peripheral neuropathy, chronic kidney disease, rheumatic diseases, and stroke) and medical procedure-related (spine surgery, interventional radiology, colorectal cancer screening, and liposuction) information found online, 10Y17 none have assessed heart failure-related information. In addition, most of these studies assessed only the readability of the online health information, which is only 1 component of health literacy demand.
The purpose of this study is to evaluate the quality and health literacy demand (readability, understandability, and actionability) of heart failure information found online. The specific objectives of this study include to (1) describe the quality and health literacy demand of heart failure information found online, (2) compare the quality and health literacy demand of the heart failure information among the different types of Web sites (government sponsored vs hospital affiliated vs other), and (3) compare the quality and health literacy demand of heart failure information found in Web sites ranked highest in terms of traffic share (top 10) versus those of Web sites ranked the lowest (bottom 10).
Methods

Data Collection
The top 5 search engines in terms of global traffic share (Google, Yahoo, Bing, Ask.com, and DuckDuckGo) 18 were used to find Web sites containing heart failure information using the search term heart failure. The Web site search and subsequent data harvest were performed between May 28 and June 3, 2015. Considering traffic share, only Web sites found in the first 5 pages were assessed for inclusion. It has been shown that 98% of the total Internet traffic is limited to the first 5 pages. 19 Web sites were included if they provided information on heart failure overview, symptoms, and treatment (eg, lifestyle modifications and medical/surgical treatment). Subsequently, Web sites were excluded if they were advertisements, research articles, or new articles. Figure 1 depicts the Web site search process. Data on heart failure overview, symptoms, and treatments were copied from the Web sites unto Word documents for the readability tests. Finally, the Web sites' respective ranks were determined according to the amount of traffic they get. Information on the Web sites' traffic estimates was obtained from Alexa.com, which provides global traffic ranks based on the Web sites' daily average of unique visitors and number of page views over the past 3 months.
Measures
The quality of the heart failure information found in the Web sites was assessed using the 15-item DISCERN instrument, 20 which has demonstrated validity and reliability. 21Y24 The DISCERN instrument is broken down into 2 sections that assess the reliability of the total information provided and the quality of the information on the treatment choices. Each item is scored on a 5-point scale (1, no; 2/3/4, partially; 5, yes), with a total score range of 15 to 75. An overall score between 15 and 26 is deemed as ''very poor'' quality; 27 to 38, ''poor'' quality; 39 to 50, ''fair'' quality; 51 to 62, ''good'' quality; and 63 to 75, ''excellent'' quality. 20 Two independent reviewers (M.C. and T.R.) assessed the quality of the included Web sites. There was moderate interrater agreement using the DISCERN instrument (0 = 0.44). 25 Health literacy demand was measured according to its 3 essential components: readability, understandability, and actionability. Given the variability in readability assessments, 7 established readability tests were used to obtain average readability levels, namely, Automated Readability Index, 26 Coleman-Liau Index, 27 Flesch-Kincaid Grade Level, 28 Flesch Reading Ease, 28 Fry Readability Formula, 29 Gunning Fog Index, 30 and Simplified Measure of Gobbledygook. 31 These tests examine different reading elements (ie, characters per sentence, syllables per word, words per sentence, sentences per passage, etc) in different combinations; hence, they were chosen to increase the validity of the readability results. Table 1 shows the formula of the individual readability test. Readability tests were performed using the standard edition of Readability Studio v. 2012 (Oleander Software, Ltd, Vandalia, Ohio).
Understandability and actionability were measured using the Patient Education Materials Assessment Tool for Print Materials (PEMAT-P). 32 The PEMAT-P is composed of 17 Understandability items and 7 Actionability items. Each item is scored on a binary scale (1, agree; 0, disagree) with items 6, 8, 9, 11, 12, 16 to 19, and 25 having a not applicable (N/A) option. The total Understandability and Actionability scores were determined by adding the points and dividing the sum by the total possible points (excluding items that were scored as N/A) and then multiplying the result by 100 (score range, 0%Y100%). The PEMAT-P has demonstrated validity and reliability. 32, 33 Two independent reviewers assessed the understandability (M.C. and A.X.) and the actionability (M.C. and M.H.) of the included Web sites. There was moderate interrater agreement (0 = 0.49) for PEMATUnderstandability and substantial interrater agreement (0 = 0.62) for PEMAT-Actionability. 25 Discrepancies in the ratings were discussed between the rater pairs and then reconciled.
Analysis
Descriptive statistics are reported as means and standard deviations. Shapiro-Wilk test was performed to determine whether the mean quality ratings, readability levels, understandability scores, and actionability scores were normally distributed. One-way analysis of variance with Bonferroni correction was used to compare the mean quality ratings and mean understandability scores among the 3 types of Web sites. Meanwhile, Kruskal-Wallis test was used to compare the mean readability levels and mean actionability scores among the 3 types of Web sites. Two-sample t test with equal variances was used to compare the mean quality ratings and mean understandability scores between the top-and bottom-ranked Web sites. Finally, to compare the mean actionability scores and mean readability levels between the top-and bottom-ranked Web sites, 2-sample t test with unequal variances and Mann-Whitney U test were used, respectively. 0 Statistic was used to determine the interrater agreement. Statistical analyses were performed using Stata13 (StataCorp LP, College Station, Texas).
Results
Quality and Health Literacy Demand
A total of 46 Web sites were included in this analysis (Table 2) . Among the 46 Web sites, 6 were classified C is the average number of words with Q 3 syllables, S is the average number of sentences as government sponsored, 17 were hospital affiliated, and the remaining 23 were classified as ''other'' for the purpose of this study. The overall mean DISCERN quality rating was 46.0 T 8.9. Among the 46 Web sites, 24% were rated as having poor quality, 46% were of fair quality, and 30% were of good quality. Mean quality ratings for each of the DISCERN items varied greatly (Figure 2 ). On average, the Web sites consistently rated higher on 3 items, namely, having clear aims (item 1), achieving those aims (item 2), and making it clear that there are more than 1 treatment option (item 14). Conversely, the Web sites scored poorly on the following 5 items: provide clear sources of information (item 4), identify areas of uncertainty (item 8), describe the risks associated with each treatment (item 11), describe what would happen if no treatment was used (item 12), and describe how the treatment choices affect overall quality of life (item 13).
The Web sites had readability scores that ranged from a 9th grade to more than an 18th grade (graduate school) reading level, with the overall mean readability score being 12.6 T 2.7grade reading level. The mean scores for the individual readability tests were as follows: 12.8 for the Automated Readability Index, 13.1 for the Coleman-Liau Index, 11.6 for FleschKincaid, 45.3 for Flesch Reading Ease, 12.8 for Fry, 12.4 for the Gunning-Fog Index, and 13.2 for the Simplified Measure of Gobbledygook.
The overall mean PEMAT-Understandability score was 56.3% T 16.2%. There was significant variation in the mean scores for each of the PEMAT-Understandability items (Figure 3) . The Web sites scored consistently higher on 3 items, namely, makes its purpose completely evident (item 1), does not expect the user to perform calculations (item 7), and presents the information in a logical sequence (item 10). Conversely, the Web sites scored lower on the following 3 items: provides a summary (item 11), uses visual aids (item 15), and provides clear titles or captions for its visual aids (item 17). The overall mean PEMAT-Actionability score was 34.7% T 28.7%. The mean scores for each of the PEMAT-Actionability items also varied (Figure 4) . Most of the Web sites identified at least 1 action that the user can take (item 20) and, to a lesser extent, addressed the user directly when describing the actions (item 21). However, most of the Web sites did not use visual aids to make it easier for the user to follow their instructions.
Comparison by Type
The quality of heart failure information significantly differed among the 3 types of Web sites (F = 3.35, P = .04). Government-sponsored Web sites had the highest mean quality rating (mean, 50.7 T 5.8), followed by the ''other'' group (mean, 47.7 T 9.0), and the hospitalaffiliated group had the lowest mean quality rating (mean, 41.9 T 8.3). After Bonferroni correction for multiple comparisons, however, the difference was no longer significant.
The readability scores also significantly differed among the 3 types of Web sites (2 2 =7.4, P = .025). Governmentsponsored Web sites had the lowest mean reading level (mean, 10.2 T 1.2), followed by the ''other'' group (mean, 12.7 T 2.8), with the hospital-affiliated group having the highest reading level (mean, 13.4 T 2.5).
Government-sponsored Web sites tended to have a high Understandability score (mean, 69.4% T 13.8%), followed by hospital-affiliated Web sites (mean, 56.0% T 15.6%), and the ''other'' group had the lowest Understandability score (mean, 53.1% T 16.1%). However, these differences failed to reach statistical significance (F = 2.6, P = .09).
Finally, government-sponsored Web sites also had the highest Actionability score among the 3 types of Web sites (mean, 47.8% T 33.3%), followed by the ''other'' group (mean, 35.9% T 27.4%), with the hospital-affiliated Web sites having the lowest mean Actionability score (mean, 28.0% T 29.0%). However, these differences failed to reach statistical significance (2 2 = 2.1, P = .36).
readability was not statistically significant (z = 1.7, P = .10). The top-ranked Web sites (mean, 57.4% T 18.7%) had a similar Understandability score as the bottomranked Web sites (mean, 57.5% T 14.8%) (t = j0.01, P = .99). On the other hand, the top-ranked Web sites had a higher Actionability score (mean, 44.7% T 30.0%) compared with the bottom-ranked Web sites (mean, 28% T 27.7%); however, this difference was not statistically significant (t = 1.29, P = .21).
Discussion
Similar to other health-related Web site analysis studies, 17, 23, 24 in this study, we found that the mean readability level of the 46 heart failure Web sites (Q12 grade reading level) was way above the recommended seventh grade or below readability level. 34 It should be noted that the 2 highest reading levels belonged to Web sites that do not necessarily cater to a lay audience; however, we decided to include these Web sites because they appeared on the first page of the search results, hence easily accessible to the lay consumer. Furthermore, these Web sites did not explicitly state that they were for a professional audience, and they had topic headings that were similar to those in the more ''patientoriented'' Web sites. A likely reason for the higher reading level of these Web sites could be the nonuse of everyday language. A closer inspection of the Readability Studio output revealed that most of these Web sites used difficult, polysyllabic words and long sentences. Another factor could be the complexity of the topic of heart failure itself and the difficulty of thoroughly explaining it and its treatments in a succinct manner. One solution could be that instead of using lengthy texts, a video could be substituted, one that clearly illustrates or explains the rather complex text content. Unfortunately, most of the Web sites did not avail of this medium that could potentially promote understandability.
The overall mean ''fair'' quality rating (mean, 46.0 T 8.9) for the Web sites was similar to another study that used the DISCERN instrument to assess the quality of online health-related information. 24 One of the reasons for the less than ''good'' quality rating was the lack of citations and corresponding references, which makes it hard for the reader to confirm the reliability of the information provided. In addition, most of the Web sites failed to refer to areas of uncertainty (ie, differences in expert opinion concerning treatment choices). Furthermore, most of the Web sites did not describe the risks associated with each treatment option or what would happen if there was no treatment undertaken. Finally, only a few of the Web sites described how each treatment affected overall quality of life or provided support for shared decision making (ie, suggestions for things to discuss with healthcare providers). Given the impact of heart failure and its treatments on a person's quality of life 35 and the known benefits of shared decision making, 36 heart failure patients could greatly benefit from Web sites that provide information on how each treatment option impacts their quality of life, which they could then use as a guide in making their decision. Furthermore, Web sites that provide tools (eg, list of questions to ask the doctor) could help empower patients to actively engage in shared decision making. Therefore, the quality of these heart failure Web sites could be greatly enhanced if the previously mentioned shortcomings were addressed. The overall mean Understandability and Actionability scores for the 46 heart failure Web sites were considerably lower than those reported in another study 33 that evaluated surgical site infection Web sites (mean, 56.3% vs 75% for understandability and 34.7% vs 49% for actionability, respectively) using the same assessment tool, PEMAT. As previously mentioned, the complexity of the topic of heart failure and its associated treatments could have contributed to the lower Understandability score. Furthermore, a closer look at itemized breakdown of the Understandability score revealed that the Web sites fell short in meeting the recommended use of everyday language and sparse usage of medical jargon. In addition, the Web sites that provided lengthy information failed to provide a quick summary of the content. The lack of visual aids and the lack of clear titles/captions of the visual aids also lowered the overall mean Understandability score. Likewise, the main reason for the low Actionability score was the lack of a tangible tool (eg, menu planners, checklists) that could help the user take action. Offering a relevant tool could enhance consumers' health literacy by giving them something tangible that could empower them to actually apply the information they have just learned.
Finally, comparing the 3 types of heart failure Web sites, government-sponsored Web sites were found to have significantly better quality ratings and lower reading levels. A possible explanation for this finding is the enactment of the Plain Writing Act of 2010, which requires government agencies to use clear communication that the public can understand and use (PlainLanguage.gov, n.d.). The Web sites that were ranked the highest in terms of traffic share were not significantly better than the bottom-ranked Web sites except in overall mean quality rating. Perhaps, the better quality information provided by these Web sites contributed to their bigger traffic share. This study is not without limitations. First, the Web sites included in this analysis were all written in English, with most of the Web sites produced in the United States and United Kingdom; hence, the findings of this study may not be generalizable to heart failure Web sites written in other languages. Second, given the evolving nature of the Internet, it is quite possible that changes have been made to some of the Web sites, making our findings less accurate. Despite these limitations, the use of validated instruments and independent raters greatly enhanced the rigor of this study.
Conclusion
Although, overall, the heart failure Web sites included in this analysis were of fair quality, none of the Web sites met the recommended readability level. Furthermore, they had low mean Understandability and mean Actionability scores, which means that the average health literacy demand of these Web sites most likely exceeds the health literacy level of their target audience. Web content authors need to consider not just the quality but also the health literacy demand of the information found in their Web sites, especially considering that low health literacy is likely prevalent among the usual audience. Furthermore, clinicians looking for suitable Web sites to recommend to their heart failure patients can direct them to governmentsponsored Web sites (eg, nhlbi.nih.gov, nlm.nih.gov), given their better quality and lower health literacy demand. Finally, given the paucity of this type of Web analysis, further research is needed to determine the quality and health literacy demand of other health-related online information, particularly in other chronic diseases (eg, diabetes, chronic lung disease, atrial fibrillation).
What's New and Important
h The heart failure information currently available online is of fair quality but imposes a considerable health literacy demand on the consumer owing to its high reading level, poor understandability, and limited actionability. h Web site developers can make their site content more accessible to those with low health literacy by using everyday language, defining medical terms and using them sparsely, providing a summary (eg, bulleted key points), using visual aids with clear titles/captions, providing a tangible tool (eg, menu planner, exercise plan), and breaking down instructions step by step. h Clinicians looking for suitable Web sites to recommend to their heart failure patients could direct them to government-sponsored heart failure Web sites, which tended to provide better-quality information that had lower health literacy demand.
